
I 

i -  * 

; -  

I -  

A thesils subydt,ed i n  partial fulfi l lment of the 
requirements for the degree of Master of Science 

%&JOo/ i n  the Department of physics and 

State University 
Astronomy in the Graduate 

A u g p 1 9 6 0  @@ 17 

Chairman: Professor J. A.  Van Allen 

* This work was supported i n  part by the National 
Aeronautics and Spaoe Administration. 

I 

c 

i 



ABSTRACT 

This  thesis descr ibes  the  des ign ,  cons t ruc t ion  

and c a l i b r a t i o n  of s a t e l l i t e  borne magnetic spectro-  

meters f o r  the  measurement of t h e  absolu te  i n t e n s i t y  

of e l e c t r o n s  i n  a we l l  def ined energy i n t e r v a l ,  

centered a t  about 50 kev. The t h r e e  spectrometers of 

t h e  f i n a l  design were experimentally c a l i b r a t e d  with 

var ious  fl-ray sources and wi th  monoenergetic e l e c t r o n s  

from a small  acce le ra to r  . Their geometric f a c t o r s  

were about 2 x 

i n  t h e  energy range 45 t o  55 kev. 

f a c t o r s  were l e s s  than 2% of t h i s  value f o r  

e l e c t r o n s  of energy l e s s  than 40 kev or  g r e a t e r  

than 60 kev (but  l e s s  than 10 M e V ) .  The counting ra te  

due t o  e l e c t r o n s ,  protons and o ther  ene rge t i c  ions  

capable of pene t ra t ing  the  5.6 g/cm2 sh ie ld ing  was 

determined by a geiger  tube similar t o  the  one i n  

t h e  spectrometer ,  s i m i l a r l y  sh ie lded  and s i m i l a r l y  

loca t ed  i n  t h e  s a t e l l i t e  assembly, but  Q& provided 

w i t h  an en t rance  aper ture .  

cm2 s t e r a d i a n  f o r  e l e c t r o n s  

The geometric 
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I 
One of the  spectrometers was flown as a 

component of the  S-46 payload on 23 March 1960. 

t o  f a i l u r e  of t he  high speed s t a g e s  of t h e  J m o  I1 

vehicular  system the  payload was n o t  placed i n  o r b i t .  

During some 8 minutes of recorded f l i g h t  d a t a ,  t he  

two g e i g e r  tubes operated proper ly ,  counting cosmic 

r a y s .  

c i e n t  t o  permit measurement of a s i g n i f i c a n t  

i n t e n s i t y  of geomagnetically-trapped e l e c t r o n s .  

Due 

The peak a l t i t u d e  of 370 km was n o t  suffi- 

A s i m i l a r  instrument i s  planned f o r  a future 

sa t e l l i t e  

! 

iii 



TABLE UF COTVTE29TS 

4 
Pana 

I. Introduation ......................... 1 

11. Design and Conatruotion ............. 3 
III. Calibration ......................... 16 

A. X-ray ........................... i6 
8.  Electron Gun .................... 18 
C. Beta Souroes .................... 35 

IV. Summary of Spectrometer Calibrations .. 4-4 

V. In-Fllght Data ...................... b6 
Appendix ................................... 50 

References ................................. 52 

Figure Captions ............................ % 

V 



1. 

2. 

3. 

t. 

5. 

TABLE OF TABLE3 

Table 
L 

gC for Spectrometers 5 
from Electron G u n  Data 

Summary of Beta-Souroe 

and 6 Computed . . 0 . . . . . . a 0 .  25 

Information ... 36 

gi and g l i  for Three Spectrometers 
with Each of Three Beta-Ray Sources ... 41 

Summary of Spoctronieter Calibrations . . 45 

In-Flight Data froin Spectrometer 
No. 6 . . . . . b o  . . . . . . . . . 4.7 

V i  



TABLE OF FIGURES 

c Figure 
No. 

1. 

2. 

3. 

4. 

5.  

6.  

7. 

a. 

9. 

Assembly drawing of the magnetia 
syeotrometer ........................ 
Representative electron trajectories 
i n  a spectrometer ................... 
Field strength vs distance from 
uniform f i e l d  ....................... 
Hepi*esenta*ive plateau CIUPVOS for an 
Anton type 223 geiger tube 

Blook diagram of the detectors and 
eleatronic oomponents for satellite 
6-46 ................................ 

.......... 

Schematlo drawing of the 700 v and 
160 v DC power supplies for s a t e l l i t e  
S-46 ................................ 
Sekiamtlo drawing for the detectors 
and preanplifiers for satellite 
8-46 ................................ 
Schematic drawing of the scalers, 
logfc circuits and output amplifiers 
for detector C on s a t e l l i t e  S-46 ..... 
Assembly drawing of the deteotor 
instrumen-bation package for satellite 
s-46 ................................ 

paae. 

57 

58 

59 

60 

61 

62 

63 

6 

65 

vi1 



TABLE OF FIGUH3S (continued) 

. 

F i g u r e  
No* - 
10. 

11, 

12. Photo of the component par ts  f o r  a 

Photo of a completod detector assenbly 

mot0 of a completed ~peo t romte r  prior 
to p o t t i n g  .......................... 67 

before p o t t i n g  ...................... 66 

spectranotar ........................ 68 

13. r VB R ror the spectrometer tube Ln 
spectrcnator  80. 5 .................. 69 

1b. R , / R ~  vs KV (X-ray) for spectrometer 
NO. 5 ............................... 70 

15, Experimental arrangement in the X-ray 
beam ................................ 7l 

16. fisht VB Electron Energy for 

17. R,/Rt vs Elec t ron  Rergy f o r  

18. rs vs 8 for spcctx*omBter No. 5: .... 74 

19. 

spectrometer No. 5 (semi-log p l o t )  ... 72 

spectrometer No. 5 (linear plot;)  .... 73 

Laboratory arrangsnient f o r  tho detec- 
tion of bremsstrah3.wng produced in a 
thick t a r g e t  by monoenergetic 
electrons ........................... 75 



1 

I 

I. 

Figure 
FTQ i, 

20 . 

21. 

22 

23 . 

TABU OF FIGUHES (continued) 

Laboratory arrangement for the detec- 
tion of bre~sstrahlung prduced in a 
thick target  by monoenergetic 
electrons 76 

f (E) vs E for a C14 beta-ray eourae 

.......................... 
r,&/m2 vs Electron Energy ........ 77 

78 

Stray nagnotie f i e l d  about a ....................... spectromster 79 



1 

I 0 INTRODUCTION 

I -  

- 

Since the discovery of t h e  b e l t s  of geo- 

magnet ical ly  trapped p a r t i c l e s  many experiments have 

been performed i n  an e f f o r t  t o  i d e n t i f y  t h e  component 
p a r t i c l e s  and t o  determine t h e i r  energy spec t r a .  1 , 2 , 3 , 4 , 5  

1. J. A. Van Al len ,  C.  E. McIlwain, and G, H. 
Ludwig, Wadia t ion  Observations with S a t e l l i t e  
1958 Epsilonlt , J. Geophys. Research 64, 271-286 
(1959 I 

2. J. A .  Van Allen,  !?The Geomagnetically-Trapped 
Corpuscular Radiation",  J. Geophys . Research - 64, 1683 (1959). 

3 .  F. E. Holly and R.  G .  Johnson, Wornposition of 
Radiat ion Trapped i n  t h e  Geomagnetic F i e l d  a t  
Al t i t udes  up t o  1,000 Kilometerstt ,  A i r  Force 
Spec ia l  Meapons Center TN-59-15, March 1959. 

F. E. Hol ly ,  "Radiation Measurements t o  
1,500 Kilometers with Atlas  Pods", A i r  Force 
Spec ia l  Weapons Center TR-60-9, May 1960. 

4. 

5 .  M, Walt, L. F. Chase, Jr., J ,  B. C l a d i s ,  W. L. 
Imhof , "Energy Spectra  and Al t i t ude  Dependence 
of Electrons Trapped i n  the Ea r th ' s  Magnetic 
F i e ld" ,  t o  be published i n  Proceedings of t h e  
Cospar Space Science Symposium, North Holland 
Pub1 . Co . , Amsterdam . 
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The magnetic spectrometer he re in  descr ibed was 

b u i l t  i n  an attempt t o  obta in  r e l i a b l e  and unambiguous 

d a t a  on the  absolu te  i n t e n s i t y  of e l e c t r o n s  i n  a chosen 

and w e l l  known energy i n t e r v a l  and t o  ob ta in  such d a t a  

comprehensively i n  space and time by prolonged f l i g h t  

of t he  spectrometer i n  a s a t e l l i t e  o r b i t  of high 

e c c e n t r i c i t y .  
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11. DESIGN AND CONSTRUCTION 

S a t e l l i t e  S-46 was proposed f o r  the s tudy  of 

t h e  o r ig ins  and build-up and decay times of the  

r a d i a t i o n  belts c o r r e l a t i o n  wi th  solar a c t i v i t y  and 

w i t h  geophysical phenomena, and determinat ion of t h e  

composition of the r a d i a t i o n  i n  t h e  r e s p e c t i v e  b e l t s  

with p a r t i c u l a r  emphasis on t h e  very low energy 

components and on t h e  energy spectrum sf the e1er?t ron 

~ o r n p o n e n t . ~  For t h i s  l a t t e r  purpose i t  was decided 

t h a t  a magnetic spectrometer u t i l i z i n g  g e i g e r  tubes 

as d e t e c t o r s  would be constructed.  

The weight  of t h e  d e t e c t o r  assembly wi th  an 

e l e c t r o n i c s  s e c t i o n  cons is t ing  of two high vol tage  

power supp l i e s  (160 v and 700 v ) ,  and an amplifier 

and s c a l i n g  u n i t  w i th  log ic  and summing c i r c u i t s  

for each of t he  f i v e  de t ec to r s  t o  be c a r r i e d  was 

t o  be about s ix  pounds, and was t o  be contained i n  a 

cy l inde r  5.5 inches i n  diameter. This  s e c t i o n  of 

60 From a l e t t e r  t o  L. H. Meredith by J. A .  Van 
Allen 22 October 1959 (unpublished) . 
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t h e  payload was t o  be designed and b u i l t  a t  t h e  S t a t e  

Universi ty  of Iowa and would be powered by b a t t e r i e s  

and s o l a r  c e l l s  contained w i t h  the te lemet ry  sub- 

carrier o s c i l l a t o r s  and transmitter i n  a package 

constructed by t h e  Army B a l l i s t i c  Missi le  Agency. 

The main supply of power t o  the SUI assembly was t o  

be provided a t  6.5 v dc and was no t  t o  exceed 220 mw. 

Operation of a l l  d e t e c t o r s  w i th in  a temperature 

range of -20" c t o  '75" c i n  vacuum was requi red  -- 
t he  lower l i m i t  being se t  by the b a t t e r i e s  and the  

upper l i m i t  by the t r a n s i s t o r s  i n  t h e  t r a n s m i t t e r .  

They were t o  opera te  normally during and a f t e r  a 

series of v i b r a t i o n  t e s t s  including 20g R E  f o r  0.2 sec 

twice and 12g RPS for 7.8 s ec  twice with white noise  

i n  a bandwidth or" 2G-1500 c p s ;  a s p i n  t e s t  a t  

600 rprn f o r  3 min; l ong i tud ina l  a c c e l e r a t i o n s  u p  

t o  35g i n  a cen t r i fuge  w h i l e  t h e  payload w a s  spinning 

a t  437 rpm about i ts  ax i s ;  and a shock t e s t  of 

f o r t y - f i v e  25g impacts on a l i n e a r  a c c e l e r a t o r  . 
In order  t o  obta in  d i r e c t l y  comparable 

measurements of the an i so t rop ic  r a d i a t i o n  the  var ious 

d i r e c t i o n - s e n s i t i v e  de t ec to r s  i n  S-46 were 
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or ien ted  w i t h  t h e i r  axes p a r a l l e l .  This common 

d i r e c t i o n  w a s  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  ax i s  of 

the c y l i n d r i c a l  payload 

Anton type 223 end-window (1.2 mg/crn2 mica) 

halogen quenched geiger tubes were chosen as 

detectors f o r  t h e  magnetic spectrometer because of 

t h e i r  small a c t i v e  volumes and t h i n  windows. The 

small a c t i v e  volume r e s u l t s  i n  a low background 

counting r a t e  f r ~ m  radiatizlz ei i ter ing t h e  counter 

along paths other  than those des i r ed  and the  small 

o v e r a l l  s i z e  of t h e  tubes makes poss ib le  an i n s t r u -  

ment small enough and l i g h t  enough f o r  s a t e l l i t e  

opera t ion .  Because the  energy spectrum of trapped 

e l e c t r o n s  apparent ly  rises s t e e p l y  a t  low energ ies  

i t  was d e s i r a b l e  t o  d e t e c t  e l ~ c t r o r z s  of t h e  lowest  

energy p rac t i cab le  -- making t h e  t h i n  window 

necessary.  It was decided t o  cen te r  t h e  pass band 

of t h e  spectrometer a t  about 50 kev and t o  make i t  

about 10 kev wide. In t h i s  way a w e l l  def ined  

l l s l i c e t t  of t h e  spectrum ( r e l a t i v e l y  f r e e  of 

absorp t ion  i n  the  mica window) could be examined. 

Within t h i s  energy range about 808 of e l e c t r o n s  
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I f  

pene t r a t e  a 1.2 rng/cm2 mica windowr7 Two d e t e c t o r s  

were used: one a baclrgrowld crounter which, in 
a d d i t i o n  t o  providing t h e  necsssary  background 

oorrection for t h e  o the r  9 t h e  ltspectrometer" tube 9 

was valuable i n  i t s  own r i g h t  as a d e t e c t o r  of 

pene t ra t ing  radiation, 

ra te  each tube was surrounded by a 0,051 crn 

(0.4 g/cm2) stainless  steel  sleeve encased i n  a 

lead ~ y l i n d e r  with 8 0 . W  ~ i t l  traii (5.0 g[crn-), 

providing a t o t a l  sh i e ld ine  of 5.4 g/cm2 In 
a d d i t i o n  t o  t h e  magnesium speutrometer housing and 

t h e  aluminum payload shell. See Fig. 1. The 

sh ie ld ing  was i d e n t i c a l  on both tubes with t h e  

except ion of a slot 0,159 cm x 0.254 cm through the 

l e a d  and stainless s t e e l  te $he face 3f t h e  spec tm-  

meter tube -- t h e  size and shape of t h i s  s l o t  

having been determined by t h e  computed focusing 

p rope r t i e s  of t h e  magnetic f i e l d  and by t h e  size 

To reduce the background 

2. 

7. 0, Ruber, F, Hwnbel, H, Sohneider, and A, de 
S h a l l t  , %paktroroetrische Massung von B-B- 
Rainzidsnzen", Rolv, Phys. Acta  22, 3-34 (1952). 
F i b .  7t po 20. 
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and l o c a t i o n  of t h e  entrance ape r tu re s .  

In  add i t ion  t o  the two geiger  tubes i n  the  

spectrometer ,  an add i t iona l  g e i g e r  tube (Anton 213 

or 302) was t o  be operated from t h e  common 700 v 

power supply. 

maximum cur ren t  which could be drawn from t h i s  

supply was 45 pa a t  25’ C .  

t h i s  maximum it was necessary t o  use s u f f i c i e n t  

series resistar,ce with 

t h e  cu r ren t  drawn whenever t h e  tube was saturated 

due t o  high r a d i a t i o n  i n t e n s i t y  (or if one of t h e  

tubes should f a i l  by going i n t o  continuous d ischarge) .  

A r e s i s t a n c e  of 19.4 megohms was placed i n  series 

w i t h  each Anton 223 tube,  thus l i m i t i n g  the  c u r r e n t  

through it t o  6.7 pa. 

With t h e  nominal 6.5 v input  t h e  

To avoid approaching 

geiger t.&g to pt$t 

Because the  proposed o r b i t  would c a r r y  the 

spectrometer 

of e l e c t r o n s  
2 be expected 

through the  ou te r  zone where t h e  i n t e n s i t y  

with energy greater than 30 kev would 

t o  reach  101’cmo2 sec” i t  was 

necessary t h a t  t h e  geometric f a c t o r  be small 

enough t o  a s su re  t h a t  the  geiger  tube d e t e c t o r  

would no t  be operat ing near i t s  maximum r a t e  over 
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large port ions of t h e  o r b i t ,  w i t h  consequent l o s s  of 

prec is ion  i n  determining the  t r u e  r a t e .  The maximum 

usable true ra te  was found experimental ly  t o  be of t h e  

order of 10 5 per sec  f o r  t he  Anton 223. (See 

Sec t ion  I11 A . )  

If a d i f f e r e n t i a l  number-energy spectrum 

propor t iona l  t o  E-5 i s  assumed, t h e  f r a c t i o n  of the 

number of e l ec t rons  w i t h  energy g r e a t e r  than 30 kev 

i n  t he  pass band may be estimated: 

55 
EO5 dE 

Thus, one could expect om-nidirect io~al  fllaxes i n  the  

pass band of the  order of 10 10 cm -2 sec‘l t o  be en- 

countered by the s a t e l l i t e .  Allowing a f a c t o r  of 10 

f o r  unusual s i t u a t i o n s  it  i s  seen t h a t  the geometric 

f a c t o r  should be of the  order  of 

5 2  cm ster, (10 5 sec” I(4-n s t e r a d i a n )  .u 

10 -2 (10)(10 cm s e c - l )  
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assuming f o r  t h i s  es t imate  t h a t  t h e  r a d i a t i o n  is  i so-  

t r o p i c a l l y  d i s t r i b u t e d .  

A three piece aper ture  assembly was used. It 

cons is ted  of an outer  opening of 0.081 cm diameter ,  

an inner  opening of 0.109 cm diameter ,  and a b a f f l e  

roughly midway between them with a hole  of 0.099 cm 

diameter.  The inner and outer  openings w m e  spaced 

0.915 cm apar t ,  giving a nominal geometric f a c t o r  

cf 5.8 x 1g-5 cm* s te rad ian .  

A f a c t o r  important t o  the  performance of t he  

instrument i s ,  of course,  t he  magnetic f i e l d  con- 

f i g u r a t i o n .  To keep the e f f i c i e n c y  f o r  c o l l e c t i o n  

of e l e c t r o n s  i n  t h e  pass band a s  high a s  poss ib le  a 
double-focusing sector-shaped f i e l d  was used. 8,9 , I O  

8. W. G .  Cross, llTwo-Directional Focusing of 
Charged P a r t i c l e s  w i t h  a Sector-Shaped, Uniform 
Magnetic F ie ld1 ' ,  Rev. Sc i .  I n s t r .  22, 717 
(1951 1. 

9. M. Camac , I1Double Focusing with Wedge-Shaped 
Magnetic Fields1!,  Rev. Sc i .  I n s t r .  22, 197 
(1951). 

Ann. phys. $0, 333 (1938). 
10. M. Cot te  , IIRecherches sur L'Optique Elec t roniquer l ,  
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ltDouble-focusing'l r e f e r s  t o  the  f a c t  t ha t  the s e c t o r  

shape provides focusing i n  t h e  median plane p a r a l l e l  

t o  the  pole f aces  while t h e  f r i n g e  f i e ld  causes 

focusing i n  a plane perpendicular t o  t h i s  and containing 

t h e  I tcentral  ray" i n t o  the d e t e c t o r .  C r i t i c a l  para-  

meters here a r e  the d is tances  of the ob jec t  (outer  

aperture opening) and image (de t ec to r  tube f a c e )  from 

the r e spec t ive  edges of the uniform f i e l d  and the 

angles  made by t h e  enter ing and e x i t i n g  p a r t i c l e  tra- 

j e c t o r i e s  w i t h  t h e  edges of t h e  uniform f i e l d  i n  the 

median plane. Cross has these parameters p l o t t e d  i n  

such a manner a s  t o  make choice of a compromising se t  

of them a s i m p l e  matter. 

4 

Separa t ion  of t h e  pole p i eces ,  i .e.  , the gap ,  

was made g r e a t  enough t o  prevent e l e c t r o n s  from 

s c a t t e r i n g  o f f  t h e  pole f a c e s  but s t i l l  small  enough so 

t h a t  the requi red  f i e l d  s t r e n g t h  could be a t t a i n e d  w i t h  

a conveniently s i zed  Alnico V s lug .  

which r equ i r e s  t h a t  t h e  g a p  be s h o r t  i n  comparison 

w i t h  the pa th  l e n g t h  i n  the uniform f i e l d ,  w a s  no t  

a t t a i n e d  s i n c e  the gap was 0.216 c m  and the  path l e n g t h  

about 0.75 c m .  The 1.270 cm cube of Alnico V used w i t h  

t h e  pole pieces  was capable of producing 1500 gauss i n  the 

O p t i m u m  focus ing ,  
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cen te r  of t h e  gap. Ca l ib ra t ion  of t h e  completed 

instruments showed t h a t  1050 gauss was s u f f i c i e n t  f o r  

t h e  des i r ed  pass band and t h i s  l a t t e r  value was used 

i n  t h e  f i n a l  design. Armco ingot  i r o n  was used f o r  

t h e  pole p ieces ,  these  being he ld  i n  good contac t  wi th  

t h e  machine-ground faces  of t h e  magnet s l u g  by two 

b ras s  screws. 

Paths of e lec t rons  wi th  energy near t h e  cen te r  

of  t he  pass band which were o r i g i n a l l y  t r a v e l i n g ,  

r e s p e c t i v e l y ,  along t h e  a x i s  of t h e  ape r tu re  assembly 

and along the  most unfavorable paths f o r  focusing are 

shown i n  Fig. 2. Paths a r e  a l s o  shown f o r  e l e c t r o n s  

wi th  energ ies  a t  t he  edges of t h e  pass band inc ident  

along t h e  ape r tu re  ax is .  These paths  were computed 

from measurements of t h e  f r i n g e  f i e l d  along t h e  l i n e s  

of t h e  a x i s  of t h e  aper ture  assembly and the  ax i s  

of t h e  spectrometer tube. Fig. 3 i s  a p l o t  of t hese  

measurements of f i e l d  s t r eng th  vs  d i s t ance  from t h e  

edge of t he  pole pieces.  The gauss-meter used f o r  

t h i s  purpose (and f o r  measuring t h e  f i e l d  i n  t h e  

gap also) was a Dyna-Empire Model D-855, manufactured 

bv Dyna-Empire, Inc., Garden C i t y ,  N.Y., t h e  probe 

of which had a s e n s i t i v e  a r e a  only 0.061 cm i n  diameter. 
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However, t he  d i s t ances  involved were small  a l s o ,  and 

these  measurements may be i n  considerable  e r r o r ,  

p a r t i c u l a r l y  near the  edge of t he  uniform por t ion  where 

t h e  magnitude of t h e  f r inge  f i e l d  v a r i e s  g r e a t l y  wi th  

small  changes i n  posi t ion.  

The magnet assembly provided some sh ie ld ing  of 

t h e  s o l i d  angle  v i s i b l e  t o  t h e  spectrometer tube f o r  

r a d i a t i o n  (including bremsstrahlung produced i n  t h e  

payloadj with s u f f i c i e n t  stopping power t o  pene t r a t e  

t h e  walls of t h e  payload s h e l l  and spectrometer housing, 

bu t  some small regions wi th in  t h i s  s o l i d  angle  requi red  

t h e  a d d i t i o n  of lead  sh ie ld ing ,  

covers t he  opening seen through t h e  magnet gap and t h e  

po r t ion  of t h e  magnet s l u g  seen by t h e  spectrometer 

tube,  The l ead  baffle between the magnet and the  tube 

f u r t h e r  p r o t e c t s  f rom these same regions,  It is  

threaded t o  reduce t cp ip ing fc  of e l e c t r o n s  i n t o  t h e  tube 

by m u l t i p l e  s c a t t e r i n g .  

The "ha t  sh ie ld"  

Geiger tubes f o r  use i n  t h e  spectrometer were 

chosen on the  b a s i s  of low p la t eau  s lope  and small 

r e l a t i v e  change in  plateau c h a r a c t e r i s t i c s  w i th  aging 

and temperature. The Anton 223 tubes used were pro- 
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vided with rhodium plated cathodes t o  improve t h e i r  

high t_ernperature c h a r a c t e r i s t i c s .  

r e p r e s e n t a t i v e  s e t  of c h a r a c t e r i s t i c s  determined f o r  

t h e  spectrometer tube i n  u n i t  No. 5. The s lope  of t h e  

room temperature plateaus gene ra l ly  f e l l  w i th in  the  

range 1 5  t o  30 per cent  per 100 V. Tubes t o  be used i n  

a u n i t  were matched as c l o s e l y  a s  poss ib le  i n  regard 

t o  counting ra te  and plateau s lope  under s tandard con- 

d i t i o n s  so  t h a t  v a r i a t i o n  i n  t h e  output  of t h e  700 v 

supply would not  a f f e c t  t he  r a t i o  of t h e  counting r a t e s  

important ly  . 

Fig.  4 shows a 

In the assembly of the instruments t h e  gieger  

tubes were centered i n  the s t a i n l e s s  s t e e l  s leeves  by 

machined foam r i n g s  around t h e i r  f r o n t  po r t ions ,  t h e  

cathodes having been in su la t ed  from t h e  s tee l  by formica 

washers. The s t a i n l e s s  s t e e l  s leeves  were then i n s e r t e d  

i n t o  t h e  l ead  s h i e l d s ,  foam pot t ing  m a t e r i a l  poured i n ,  

and t h e  lead  caps put i n t o  place and secured by clamps 

u n t i l  t he  foam had cured. With t h e  s h i e l d s  a l igned  i n  

t h e  housing and held t o  t he  s i d e  p l a t e s  w i th  magnesium 

saddle  blocks the  region around t h e  l e a d  (except i n  the  

reg ion  containing the  magnet) was pot ted  a l s o .  The 
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foam pot t ing  ma te r i a l  used i n  a l l  ca ses  was Eccofoam FP 

mixed ten  p a r t s  t o  one part (by weight) of c a t a l y s t  

12-6, both manufactured by Emerson and Cuming 9 Inc . 
Canton, Massachusetts. This procedure assured t h a t  

t h e  heavy lead  pieces would r e t a i n  t h e i r  pos i t i ons  

without  damage t o  t h e i r  su r f aces  during v i b r a t i o n  

t e s t i n g  or  launching. To prevent movement of t he  

magnet assembly t h e  four  screws holding i t  i n  place 

were csatec! w i t h  3ysol t G 2 G  (Houghton Laborator ies  , 
Inc., N.Y. )  before being t igh tened .  

A block diagram of t h e  S-46 d e t e c t o r  assembly 

wi th  i t s  a s soc ia t ed  e l e c t r o n i c s  i s  shown i n  Fig. 5 ,  
and t h e  700 V. power supply,  p re-ampl i f ie rs ,  and 

s c a l e r s ,  l o g i c ,  and output  ampl i f i e r s  are diagrammed 

i n  F igs .  6 ?  7,  and 8 ,  respectively. The t r i p l e  output 

s c a l e r s  allowed a very  wide range of counting ra tes  t o  

be read from t h e  received telemetry.  

A completed f l i g h t  u n i t  d e t e c t o r  assembly as 

shown i n  a cut-away drawing i n  Fig.  9 and i n  a photograph 

i n  Fig. 10 weighed 6.4 l b .  and operated on 177 mw from 

t h e  6.5 V. supply. A completed spectrometer weighed 

about 20 oz. (575 gm) and measured approximately 
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10 cm x 7.6 cm x 2.5 cm. 

nents  and a p a r t i a l l y  assembled spectrometer.  

Figs. 11 and 12 show compo- 

Ca l ib ra t ion  of the  completed assemblies showed 

a neg l ig ib l e  v a r i a t i o n  i n  counting r a t e  of t h e  

Anton 223 tubes f o r  temperature ranging from -30' C 

t o  75' C. 

cnunting during v ib ra t ion  t e s t i n g ,  but unless  they 

suf fered  a c t u a l  physical  damage such as breakage or  

Poosening of t he  anode wires  t h i s  e f f e c t  seemed t o  

have no inf luence on t h e i r  subsequent operation. 

Some of these tubes did show s p u r i o u s  

A thorough discussion of S-46 inst rumentat ion 

has been prepared by George H. Ludwig of t h i s  

laboratory.  11 

11. George H. Ludwig, "The Development of a 
Corpuscular Radiation Experiment f o r  an E a r t h  
S a t e l l i t e t t ,  Ph.D. D i s se r t a t ion  (August  1960). 
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111. CALIBRATION 

A. X-ru. 

Because of the r a t e  l imitat ions of a gelger  

tube and al l ied c i roul t ry ,  the observed counting rate 

r is not equal i n  general t o  the t rue  r a t e  R which 

would be expected w i t h  an ideal tube and o i r cu i t .  

In order t o  properly in te rpre t  data from the ge ige r  

tubes used: tha relstimshig batiieess F and Ii 

must be known -0 both with the scaling a i r c u i t s  

used In the electron gun cal ibrat ions (see. I11 - B) 
and when assembled I n  the f l i g h t  payloads. 

The re la t ion  between R and r was found 

experimentally In an X-ray beam known t o  follow the 

inverse square l a w  a t  distances between about 

30 ern and 250 cm from the target .  

t h a t  a t  low X-ray In tens i t ies  t h e  apparent countlng 

rate was proportional t o  i n t e n s i t y ,  For these 

conditions the t rue r a t e  was taken t o  be equal t o  

the apparent rate. Then with a oonstant setting of 

the X-ray machine the in tens i ty  was varied by 

locating the tube at  various distances from the 

It was found 
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1 -  X-ray target. 

oulated for each position by the inverse square l a w ,  

After exhausting the dynamic range available a t  a 

given se t t ing  of the X-ray machine, t he  X-ray voltage 

wag increased and t h e  tube wa8 relocated a t  a position 

where its apparent rate was less than the greatest 

r a t e  previously reached. Hence the t rue  rate was 

known. The prooedure was then repeated as many 

times as neuessary t o  cover the desired dynamic 

range. Fig, 13 shows a representative example of 

the resulting cwves)  this one being for the spactro- 

meter tube i n  unit No. 5. As yet  no simple equation 

ha8 been found t o  f i t  these curves accurately over 

t h e i r  en t i r e  lengths. 

The aorrespondlng t rue  r a t e s  were cal-  

The X-ray beam also provided a means of 

checking the  r e l a t ive  sh ie ld ing  of the two tubes in 

the spectrometer units, Fig. 14 I s  a graph of the 

ra t io  of the  spectrometer tube rate R, t o  the back- 

ground tube rate % vs X-ray voltage for unit  No. 5 
set  broadside t o  the beam, and F i g .  15 shows the 

experimental arrangement and serve9 t o  define the 

angles mentioned below. For values of Rs/Rb < 10 
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I .  

the s t a t i s t i c a l  accuracy I s  5 
R,/Rb > 10 the  s t a t i s t i c a l  accuracy i s  C_ f 10%- 

Rough preliminary checks were made with the spectrometer 

front-on t o  the beam and over a range of azimuth 0 

and tilt 0 from t h i s  position. The r e s u l t s  of these 

measurements are a l s o  shown in Fig. 14, and it  i s  

seen t h a t  Rs/Rb I s  dependent upon the direct ion of 

incidence of the radiation. The import of these 

2 3% and for values of 

X-ray measuremnts is discussed i n  section 111 - B. 
B. Electron Gun. 

The energy pass band of each Instrument was 

determined d i r e c t l y  by bombardment with electrons of 

various energies from an electron gun. Because of the  

very small beam currents used (of the order of 

amp) a g e l g s r  tube was used t o  measure the 

beam. To make matters simple the  tube used for t h i s  

purpose was another Anton type 223 mounted behind 

an entrance aperture assembly Ident ica l  t o  tha t  In 
the  speotrometers. Thus when t h i s  tube was properly 

positioned i n  the beam I ts  t r u e  rate after correction 

f o r  the  efficiency for detection of electrons and the 

transmission fac tor  of the  tube window, gave the 

. -  
I 

i 
I 

t 



number of eleotrona per sec entering the spectrometer 

entranes aperture. This " t e s t  tube" wag mounted in  the 

vaouum ahamber of the electron gun in suah 8 way tha t  

i t  aould be swung i n to  the  beam, being positioned 

aorrectly i n  re la t ion  t o  the spectrometer by an 
alignment block on the spectrometer top, and then 

swung away t o  allow the electron beam t o  enter the 

speatrometer. The maJor drawbaaks of t h i s  system 

were the n~n-1;n,ifcmifty m S  wandering of the eleutron 

beam. However, with oare and patience, f a i r ly  

reliable and reproduaible data were obtained. 

Fig, 16 is shown a representative curve obtained 

from such data, again for spectrometer No. 5 ,  and 

Fig. 17 l a  a smoothed linear plot made from Fig, 16. 

The ordinate is the r a t i o  of t h s  true r e t e  of the 

spsctrometer tube R, t o  the true rate of the  test 

tube Rt. A t  the  aenter of the pass band, then, 

with the Incident beam approximately pa ra l l e l  t o  

the entranus aperture axis, roughly l/+ o f  the 

In 

eleatrons entering the aperture are counted by the 

deteator.  A t  l e a s t  part  of the lnefficlenoy I s  due 

t o  the f a o t  t h a t  the trajectories of the par t ia les  
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in t h e  pass band ware signifioantly curved before 

reaching the inner opening of the aperture assembly9 

and, therefore, d id  not all pass through t h i s  

opening. (Cf. Fig, 2.1 

The width of the pass band for each instrument 

wag taken as the width of the R s / R t  v9 Eleotron 

Energy m v e  a t  half-height and again unit Nor 5 IS 

ti representative example with a pass band width of 

about 11 kev (between 4 4  and 55 kev). See Table 4 

also. 

Supplementary peaks (ape Figs. 16 and 17) 

about 0.01 of the maximum height were noted on the 

high energy side of the pass band of eaah instrument 

tested -- and In one case on the lovr s i d e  also. 

Typiaally, these were only a few keo above or below 

the minima of the steeply falling or r is ing  

aoceptance curve. 

presumed to  be due t o  scattering within the  instrument 

(e,g. , from the smooth sides of the opening in the 

lead spectrometer tube s h i e l d )  but were not proven 

t o  be so caused. 

The supplementary peaks were 

The data for Fig. 16 were taken with the 
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electron beam inoidant parallel (as nearly as 

possible with a somewhat divergent and wandering 

beam) t o  the  spectrometer entrance aperture axis 

Some data were taken with the spectrometer t ipped 

a few degrees about an axis psrpendicular to  both the 
axis  of the entrance aperture assembly and the axis  

o f  t he  speotrometer tube, When t i p p e d  out of the 

zero degree poaltion, Le.  I the center of the 

electron beam parallel to  the, entrance aperture 

axis, the test tube aould not be used, and, therefore9 

beoause o f  t he  fluatwition$ of the beam with time, 

thla information was not thoroughly reliable but was 

of value, 

Generally, the m a x i m u m  acceptance by t h e  

spectrometer as shown In F i g ,  18 f o r  un i t  No. 5 
oocurred for eleatrona wi th  energies within the 

pass band when the front (as shown in Fig. 15) of 
the  instrument was tilted t o  8 - 3'. This Is 
about what one would expect from lnspecrtlon of the 

curvature of the trajeotories within the aperture 

system, (Fig . 2 ) 
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A geometric factor g may be de f ined  for the 

spectrometer by the equation 

where j I s  the unidirectional partiole flux within 

the energy pass band of the spectrometer at the 

position of the entrance aperture, R, i s  the true 

counting rate of the spectrometer tube, and E I s  

the efficiency o f  the spectrometer for detection of 

electrons with energies in  the pass band. It was not 

necessary t o  separate E and g ,  so an ef fect ive  

geometric factor g '  for the spectrometers waa de- 

fined by 

g '  may be determined from 

where 8 I s  the area of the outer opening of the 

entrance apsrture assembly and I s  the angle that 

the path of an incident electron makos with the ax18 
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of the entrance aperture assembly. 

the var ia t ion i n  spectrometer acceptance as a function 

f ( 0 )  describes 

o r  e .  

The acceptance of the spectrometer for electrons 

Incident along the axis of the entrance aperture 

assembly may be determined from data such as t h a t  i n  

Figs. 16 and 17  by correcting t h e  " t e s t  tubet1 rate 

Rt for the transmission factor'  t of the gelger 

tube window and f o r  the gelger tube efficiency (0.85) 

for the  detection of beta-rays as given by the  

manufacturer. That I s ,  Rt/0.85t gives the number 

of electrons per second which pass through the  

aperture assembly with no magnetic f i e l d  prosent and 

with tho  incident beam para l le l  t o  the aperture 

assembly axis . 
Row 9 

where Rs(0) and Rs( e) are the counting r a t e s  of 

the  spectrometer tube a t  a given electron enorgy 

wi th  the spectrometer se t  a t  0' and e o 1  respectively,  

t o  the incident electron beam. Since the data such as 
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those sh0v.m i n  Fig. 18 were taken with 9 varying i n  

only one plane, rotat ional  symmotry was assumod about 

the l i n e  representing the incident path for which R, 
was a maximum for  a given energy. With this assumption 

numerical integration of l:f(e) s i n  e d e  for an 

electron energy nsar t h e  center of the pass band 

allowed the  determination of g ' ,  Values of g '  ob- 

tained In t h i s  manner for spectromgters 5 and 6 are 

snown i n  Table 1. 

were not taken with spmtromster IJO. b. 

Data f o r  R, as a function of 9 

It is felt 

t h a t  the geometric factors  computed i n  t h i s  way 

are a t  l e a s t  within a factor  of two of being true 

values f o r  the  lnstrumonts tested . 
If the countin6 ratss of tho spectrometer 

tubm include significant contributions from pen+ 

t r a t i n g  radiation (e .g. , bremsstrahlung produced 

within t h e  payload) then there exists a possible 

ambiguity i n  the data received from the two tubes 

because of their different  shielding f o r  t h i s  type 

of radiat ion as evidenced i n  F i g .  14. For Instance, 

it mlght bo possible that the  counting rate i n  each 

tube is due exclusively t o  brexJ?trahlung from 
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1.40 lcev electrons. 

1 per sea, then the le.5 per 8ec rate observed In 

the spectrometer tub0 (see Fig .  14) might be 
interpreted fa lse ly  as 18.5 - 1 3 17.5 per 800 due 

t o  electrons in the energy pass band. 

If the background tube rate I s  

A rough check t o  determine the magnitude of 

t h i s  effect was made by plaolng a spectrometer behind 

a 35 mg/cm2 (extrapolated range for 150 kev eleotrons) 

aluminum foil i n  an electron beam. The eleutron 

current t o  the f o i l  was measured with a VTE-2 

Electrometer manufactured by Tullamore Electronics 

Laboratory, Chicago, I l l i n o i s .  F i g .  19 1s a diagram 

of the experimental situation i n  the laboratory. 

Assuming Isotropic emission of X-rays from 

the target:2 which i s  W-dckii for eleotrons but 

l%hintf for X-rays, the counting rate R of the 

12. For the quality of tMs assumptlon see1 
Helmuth Kulenkampff, 'Ih.ltersuohungen der 
kontinulerlichen RontmnstrablunE diinner 
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gelger tube w i l l  be given by 

where rJ 13 the number of electrons per sec striking 

the target ,  d o  is the solid angle subtended at the 

target by the gelger tub89 K I s  a constant which 

depends on the target material, the target  thiukness, 

the material and ehiclmess of the counter wall and 
tha e,QfizieEep of the CG-mtar f G r  X-rays. 4a T 9  a is 

the Gross-motion of the tube averaged over angle 

and r the distance from the target  t o  the tube 

then 

The f l i g h t  situation I s  diagrammed in Fig. 20. 

Any small area dA of the satellite hull will be 

exposed t o  only one-half of the total sol id angle 

(assuming the hull to be everywhere aoncave inward) 

for particles with insufficient energy to penetrate 
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the payload. 

unidire~tional lntenalty Jo the relation (for this  

ease) between J,  the omnidireatimal intensity per 

unit plana area and Jo 9 the omnidir eo t ional 

intensity for unit sphere, is 

Assuming an isotropically distributed 

J o  J o  
I 

Here 8 

particle and the normal to dA and 0 i s  the 

asimuth angle made by the path of the incident 
partiole with sono set arbitrary dfreotlon. 

I s  the angle between the path of the Incident 

Again assuming isotropfc radiation of the 

bremsstrahlung, the trua counting rate dR o f  a 

geiger tube wiehln the sa te l l i t e  due to bremsstrahlung 

produced i n  electron impacts on dA .Ls given by 

where IC IS the same as before for the same thickness 

o f  the same target  material and for the same geiger 
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tube, and d R I s  again the 8 d i d  angle subtended by 

the tube at dA. Integrating over the entire surfaae 

S ,  the total true rate R due to elwtron impacts 

on the skin 1s 

R K Ja Is e 

4m2 

For ea88 in visuallzatlon th is  may be written 

where 31 i s  the angle between 1: and the normal t o  

dA and 0 I s  the solid angle subtended at the 

sed 

apparent that the value of the integral w i l l  always 

be greater than unity for the case outlined above. 

How muoh greater may be estimated from the p a r t l o u l a r  

shape of the satellite ahell  or calculated if the 

equation of the surface I s  known. 

averaged over the entire solid angle it i s  



For example, if the sa te l l i t e  sh911 13 a 

sphere of TadiUs e and the geiger tuba I s  mounted 

a t  a distance b from ths center, 

Evaluation shows that I inoreazles slowly from unity 

(for b/o = 0 )  until the  oonditlon b = c is 

approached. For b = c,  I becomes i n f i n i t e  and, 

as b oontinues to increase, I again decreases, 

approaching zero as b bacomes very large. 

As another example, consider a right circular 

cylindrical shoU of radius o and axial length L 
with the gaiger tube mounted on tho axis and a 

distance b from one of the end planes. Now 
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AS a representativa case let c = 2b = . men 

On the basis of these examples It seem reason- 

dA is approximately .c, 4m2 able t o  assume that 

unity for most practical cases. 

Consequently, if the counting rate for a glven 

electron anergy i n  the laboratory I s  mado equal to 

t h e  f l i g h t  value due t o  an isotropically distributed 

omnidireottonal Intensity Ja of electrons of the 

same energy 

with  the accuracy of the  approximation depending 

upon the location of t h e  detector in the satellite and 

the shape of the satell ite.  The ratio of the number 

of comts per 88c In  the speutrorneter tube (In the 

laboratory case) t o  N/m2 l a  plotted as a function 

o f  electron energy In Fig. 21. In these t e s t s  the 

background counter In the spectrometer showed no ln- 
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crease i n  rata within the atatistioal acouraoy o f  

about lo$ from its cosinlo ray background rate of 

0.011 2 0.001 oounts per sec. The spectrometer was 

mounted SO that the efoutron beam (bolore striking 

t he  alu.ninum target) was inaident approxlrnatelg 

para l l e l  to the axis of the entrance aperture 

assembly. 

It is now possible t o  estimate the counting 

rate produced in the spectromter tuba by 

bremsstrahlung from a givon Intensity of slectrons 

with a given spectral distribution. 

assum t h a t  the spectromter tube counts at a rate 

of one per sea) corrssponding to a iuddlrsctional 

intensity of electrons with onorgies betideen 4.5 and 

For example, 

55 kev of about 10 5 ono2 sec’l sterol. Then, In 
this example, for a differential number energy 

spectrum proportional to EO5 the isotropically 

distributed omnidirectional Intensity Jo of 

electrons with energies between, say, 20 kev and 

250 kev may be computed8 
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4s 
By means of data obtained with the X-ray machine at 

voltages up t o  250 kev an extension of the curve In 
F i g .  21 may be estimated, Caning * = fi h/m2 
the value of Q 

20 kev t o  250 kev ( q >  may be determined by 

numerical. integration. Tho rate to  be expecrted due 

to  bremsstrahlung In this case is 

t 'l "a'.' 
averaged ov0r the energy range 

The lower limit of the energy range (20 kev) 

was chosen here beoause l i t t l e  or no experimental 

Information ex i s t s  regarding the spectral distribution 

of' geanagnetiually trapped eleutrons at  energies leas 

than 20 keo. 

beuause experimental evidence2 lndioates that the 

expeuted Intensities of geornagnetloally trapped 

electrons with energies greater than this are rela- 

The 250 kev upper l i m i t  was taken 
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t l v e l y  small and becauss t h i s  was the highest eleotron 

energy convsniently obtained in this laboratory. 

If the above aomputations are  performed with an 

assumed differential nuiber energy spectrum pro- 

portional to Ew3 ( w i t h  other conditions as before), 

the counting rate In the speatrometer tube due t o  

bremsstrahlung I s  88811 t o  be 

For an assumed differential number energy 

spectrum proportional to  E'* this rate is 

These examples do not appear unreasonable in 

view of present knowledge of t he  spectral distribution 

of geomagnetically trapped electrons. 

effect of bremsstrahlung on the  uounting rate of 

the speotrometer tube I s  considered to be negligible. 

Therefore, the 
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C. Beta Sources. 

63 Experimental data with 3 beta sources9 2gIQi 9 

Id4', and 6C14 were also used t o  find the actual 61 
geametric factors  of the instruments. These sources 

were disks 3.5 cm In diameter; thus when placed ulose 

t o  the spectrometer aperture they more than f i l l e d  

the s o l i d  angle of aooeptance. The source had 
147 no protective aoverlng but t h e  Rn was covered by 

0.001*' of mica (about 7.5 mg/cm2) and the Cr4 had a 

0.001" Mylar window (about 3.5 mg/om2). Both the 
63 ph147 and the Cl') were 1 mo strength and the Psi 

was 0.1 mc when prepared i n  August 1959. Table 2 

gives the above Information I n  addition t o  the  half- 

l ives  and the maximum beta-particle energy for each 

or these nuclides. 
147 The re lat ively short half-l ife of the An 

required that a correatlon be appl ied  t o  data taken 

with t h i s  source If t h e  original ac t iv i ty  was used. 

A l l  measurements using these sources- were 

made a t  a pressure of 5 mm Hg or less t o  reduce 

losses by scattering and absorption In air. 
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13, Ancrfcan Institute of m i c e  W b o o k ,  McGrav-Hill Book 
co., fnc. (1957). 
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Because no 

available for the 

measured emission spectra were 

sources as aatually prepared the 

speotra were oomputed, starting with the emission 

speotrum for eaoh of the three nuclidesL4 and then 
making corrections for absorptlon 7 and energy loss 14 

i n  the source windows and detector windows where 

necessary. 

actual Bource thiclcnessos no oorreotions were 

attempted for th i s  offect  upon the spectra, 

soattering16 was assumed t o  increase t h e  mi- 

direotfonal l n tons i ty  perpendicular t o  the surface 

of eaah souroe over tho nominal value for one-half 

the t o t a l  s o l i d  angle by 25 per cent for the C14 and 

Because no data were available concerning 

Back- 

14. N.B.S.,  Tables for  the Analysis 00 p Spactra, 
Applied Ihthenatics Series , 13 June 1952, 

15. N.B.S. Circular 577, Enorgy Loss and Range of 
Electrons and Positrons (July 1956 1. 

16. L. Yaffe, ItBackscattering of Electrons Into 
Coiger-E:asllor Counters'' Conforonco on 
Absolute p-Countin N. 33. C. Preliminary 
Roport No. 8, p.  2 si (October 1950). 
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147 35 per cent for the pol . No correction was 

attempted f o r  the degradation in energy of the back- 

scattered radiation. The spectra wore drawn as 

shown in F i g .  22 for the C source, 14. 

The unidirectional intensity j perpendicular 

to the surface of each source was determined as 

fol lows.  Letting S represent the aativlty of the 

source (inoludlng the appropriate backscattering 

correction) and A the  area of one s ide  of the disk 

S/2A w i l l  be the number of disintegrations per 880 

2 per em 

of activity. 

pendicular to the surface, is then 

assuming areal uniformity of distribution 

The unidirectional intensity per- 

From this the Integral 

over the computed speotrum (ourve I in Mg. 22) was 

normalieed to represent 3 .  
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There are two partially Independent methods 

of computing g '  (as defined in  seotion 111-B) from 

the spectra of the beta-ray sources and the data 

obtained with these sources. 

rate rs of the spectrometer tube for each sourae 

with an assembled spectrometer and the speotral 

Intensity emitted by the source within the spectrometer 

energy pass band. 

One method uses the 

. 

This latter quantity I s  

1 

where El and % refer, respectively, t o  the lower and 

upper limits of the energy pass band for a particular 

spectrometer Now, 

Ths second method requires the counting rate 

ra obtained far eaah souroe with the speotrometer 
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tube (before assembly into tho 3pectroncter) placed 

Close behind a facsimile entrance aperture assembly, 

the  rate rs as defined above (nei ther  rs nor 

r, ever exceeded a few counts per sect so these 

were taken as the t rue  ra tes)* the computed ratio 

giving9 for a particular source, the fraction of the 

emission which has suff ic ient  energy to penetrate 

the tube window with energy i n  a pass band and the 

nominal geometric factor g, of the entranoe 

that assembly so aperture 

Values of g '  determined by these two methods axe 

l i s t e d  In Table 3,  and may be compared with the values 

shown in Table 1 obtained from electron gun data. 
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The two methods using t h e  beta oowces depend 

upon the shapes of t h e  spectra and the first method 

Is 8180 dependent upon knowledge of the 8ouroe 
etrengthr. Both o f  these are affected to an 
undetermined extent bg backscattering, souroe thlek- 

nem, uniformity of aowae bepodtion9 p0881b10 

eontamination of a 8ourc1e shoe manufaoture~ and 

maertalntleo in the omreotlonr applied for 
sourae wifiriow e0:etts. **era mes t o  ba 30 9tren$ 
reaaona t o  prefer either g l  or gii over the otbw 

although eli depend8 upon experimental data ratha 
than upon the manufaaturbr's statemsnt for the 
cbffeotive souroe strength. 

that eli vould be caomewhat leas affeoted by the 

failure t o  .aorreot the speotra for energy degradatlun 

l a  baoksoattering. 

It might alro appeer 

A l l  the values of gig derived tram the d3 
8ouroe wwe unaooeptably large (efrloienay greater 

than lo6 per aent). Thla l a  believed due t o  tho 

farot that the energy pam band8 were near to tho 
high energy tall of the speotrwn so that the 
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I 

speotrum of the baokscattered radiation may have 

added signifioantly to the radiation In the pass 

bands, effeotivel making E,, large In aomparisan 
with [L!@)dE In the equation for giiO 

None of the Id3 values o f  E l i  was uaed h 

determining the final geometrio faotor for eaoh 

s pea tr ome ter . 
mause of the reaaonb stated above it l a  

fe l t  that gi and gii uannot be aonsidered to 
represent the value of the geometric fac tor  of 

a rpeatrometer t o  better than a faotor of about 

three 



I -  N. SDMMARY OOF SPECTROMETER CALIBRATIOrJS 

Table 4 i 8  8 summary of the knowledge of eaah 
speotr~meter~r aheraoteristlas aa determined by the 

oallbratlon prooedurea dlacussed. The error figures 

shown for the  mergy pars band8 are e s t h t e r  based 

upon the soatter of the data from the eleotron 

auoebrator. Value8 of g c  l i s t e d  for 8peotrometerr 
5 mi 6 m e  eVii2&&6G o i  tha vaiuem obtained w i t !  

the elgatron gun m d  with the beta so~ruea  but 

weighted twioe as heavily for the elewtron gun 
values a8 for the others. In the aaae of 
speatrometer 100. 4 no eleotron gun data were avail- 

able 110 g t  for this spectrometer is  an average 

of the values derived %run the beta 8owees. The 
error figure associated with eaoh value of g *  is 
taken to include the values averaged. 
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V o  IN-FLIGHT DATA 

A t  1335h1.2 UT 23 March 1960 satell i te 9-46 

con$alnlng such a spectrometer (No. 6 )  a9 pre- 

vloualy described was launched from Cape Canaveral, 

Florida. A n  orbit was not achieved. However, an 

a l t i tude  of‘ about 370 kilometers was attained and 

readable telemetry was received fo r  a period of 

about eight minutes. 

The a l t i tude  reached was too low for trapped 

r a d i a t l ~ n ; ’ ~  consequently It wag assumed t h a t  the 

counting rates observed for  the  two ge iger  tubes 

in the spectrometer were due t o  cosmic rays only. 

The observed rates for each of the tubes 

have been computed and are presented In Table 5. 
These rates are in reasonable agreement with previous 

measurements at  s i m i l a r  a l t i tudes  and geographical 

17. S o  PoshIda, 0 ,  H. hdwlg,  and J. A. Van Allen, 
“Distribution of Trapped Radiation In the 
Geomagnetic F i e l d ”  I J; Geophyrr. Research 62, 
807-813 (March 1960). 
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position, e.g.9 the shielded (2.5 gm/om2 of lead 

and stainless steel) 302 counter on satellite 

1958 E 
per crea under similar oondit1ons.l Slnoe the o d -  

dlrectlonal geometrio fastor for the type 223 geiger 

tube $8 about 0.195 of that for the 302918 one 

would have expecrted a rate of about 0.2 aountar per 

seo to about 0.4. counts per 880 assuming the 

radiation was hard enough to  penetrate the 

5.4 g/cm2 shielding of the 223’s. The observed 

rate@ for both tubes do l i e  In t h i 8  range. 

exhibited a true rate between 1 and 2 aounts 

18. J. A. Van Allen R l v a t e  Communluation 
(Notebook No. 13). 



APPEIVDIX 

. Possible future use of instruments 8 l m l l ~  

to the magnetlo apeutrometer I n  payloads containing 

other deoiees whloh might be affeeted by the 
magnetlo f i e l d  prompted the measurement of the 

"strayta field about a speotrometsr. A proton 
preaeaalon magnet0metcurlp waa used for these 

measurements. 

Fig .  23 shovs the scalar magnitude (assuming 

the direotlon of the stray rield veutor to be 

known) o f  the stray field as measured In the plane 

of the apeotrometer magnet assembly gap at two 

distances from the magnetometer. It  I s  seen that 

the Inverse wbe relation holds for the observed 

values within the preoislon of the measurements : 

I \ 3  

19. D.  1;. Chinburg9 "Design, Construction, and 
Operation o f  a Proton Precession Magnetometer", 
M . 8 .  Thesis and Research Report 8JJ.I. 60-6 
(JU8 1960). 



. 
A spectrometer employing two magnet 

assernblles and two gpoatrorneter tubes I n  one unit 
baa been designed. 

unit faoe In opposite dlreotions, allowing the 

magnetg to be arranged with the ir  moments opposing. 

In thla uase the oonstruetion of the two magnet 

assemblies is idsntloal but the f l e l d a  In the gaps 

are In the approximate ratio 382. 

between oenters I s  about 8 cm, so one would expeot 

a null in the stray f i e l d  along the l i n e  joining 

The speotrometer tubes In this 

The spacing 

the magnets at about a 

weaker magnet 8i-n by 

dlstanoe x from the 

P 3  
2 

65 om. * ,  
Suoh an assembly has been ohecked with the 

magnetometer at  8 distance o f  about 70 om for this 

oaae, and the rtray f i e l d  determined to be of the 

order of 2y. 
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FIGURE CAPTIONS 

Fig. 1. Assembly drawing of the magnetlo 
spectrometer . 

Fig.  2. Trajectories of some representatlve 
eleutrons with energies i n  the 
ener p pass band of spectrometer 
r700 fE 0 

Fig .  3. Field strength 718. distance from the 
edge of the uniform f ie ld  measured 
along the  axis of the entrance 
aperture assembly and the axle of 
the detector. 

Fig .  bo Representative plateau curves for an 
Anton type 223 geiger tube. 

Fig, 5.  Block diagram of the detectors and 
electronlo components for s a t e l l i t e  
S-46. 
(Courtesy of Q ,  H. Ludwig. 

DC power supplies for s a t e l l i t e  9-,46. 
(Courtesy of G o  Ho Ludwig . 

Schematlo drawing of the detectors and 
preamplifiers for sa t e l l i t e  8-46. 
(Courtesy of G o  H. Ludwig.) 

Schematio drawing of the scalers, logio 
ciroults, and output amplifiers for 
detector C (the spectrometer tube) 
on sa te l l i t e  S-46. 
(Courtesy of G. H. Wdwig.) 

Fig. 60 Sohematic drawing of t h e  700 v and 160 v 

Fig .  7. 

Fig .  8. 

Fig .  9. Assembly drawing of the Instrumentation 
package f o r  s a t e u i t e  S-46.  
(Courtesy of' 0.  8. Ludwig.) 



55 

FIGURE CAPTIONS (continued) 

Fig .  10. Photo showing a completed deteotor 
assembly (with power supplies and 
pre-amplifiers before potting for 
satellite S-46. 
(Courtesy of G o  no Ludwig.) 

Fie;. 11. R o t o  of a completed spectrometer prior 
t o  potting. 

Fig .  12. Photo of the component p a r t s  f o r  a 

Fig ,  13. Graph of the itotujl rate r YS the true 

s pectrome tar. 

rate R for the spectrc?m,eter t\Aa iii 
spectrometer no. 5. 

Graph of the ratio of the true rate R, 
o f  the spectrometer tube to the 
true rate Rb of the background tube 
as a Funation of accelerating 
potential In an X-ray machine for 
speotrometer No. 5. 
shown for various orlentations of the 
spectrometer i n  the X-ray beam. 
Fig. 15 serves to define the post- 
tional parameters. 

Fig .  14. 

Some points are 

Fig .  15. Experimental arrangement i n  the X-ray 
beam. 

Fig .  16. A semi-log plot of the r a t io  R , / R t  vs 
Eleotron Energy, where Rt I s  the 
true rate of an Anton typo 223 gelger 
tube (the "test tube':)behInd a 
fatximile spectrometer entrsnoe 
aperture assembly in a monoenergetla 
eleotron beam and R, I s  the true rats 
of the spectromoter tube with the 
t e s t  tube removed from the beam. 

F i g ,  17. A smoothed linear p l o t  made from Fig. 16. 



FIGURE CAPTIONS (oontlnued) 

l -  

Fig. 18, Graph of the observed oountlng rate rg 
of the spectrometer tube in  
spsutrometer No. 5 as a function 
of the tilt angle e (see Fig. 15) 
for various eleotron energies.  

F ig ,  19. Laboratory arrangement for the detection 
of bremsstrahlung produced In a 
target, thick for  electrons but thin 
for X-rays by monoenergetic 
electrons . 

Fig ,  20. Sketch used In computing the counting 
rate of a gelger tube within a 
satellite due to bremsstrahlung 
produced In the sa te l l i t e  shell. 

Fig.  21. Graph of the number of counts per second 
In he spectrometer tube per electrons 
cmJ see-1 (rS/N/71p2) as a funation 
of eleatron energy for spectrometer 
No. 5 .  The spectrometer was mounted 
i n  correspondence with Fig. 19. 

f (E) vs E for a C” bsta-ray source9 
showing the effects of  absorption 
and energy loss In the windows of 
the source and gelger  tube. 

about a spectrometer. 

Fig, 22. 

Fig .  23. Measurements of the stray magnetie f i e l d  
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